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ABSTRACT 



An information-theory model of human memory was 
tested in thirteen experiments which involved children (six years and 
older) and graduate students. The subjects conducted science 
investigations in Laboratory and non— laboratory settings, solved 
problems of electrical circuits, and participated in classroom 
science lessons. The tasks used involved problem solving, 
recognition, and immediate and delayed recall. The model gave 
meaningful descriptions of cognitive processing, allowed isolation of 
several memory processes, and provided evidence of learning 
information processing. The differences in the kind of information 
processed during various cognitive tasks were due to interactions; 
for example, between input information and long-term memory. Problem 
solving tasks involved controlling and balancing "noise" in the input 
and output information channels; recall processing differed from 
problem solving by an inverse management of noise control. The data 
represent the first significant demonstration of Shannon's 1948 
theorem on error capacity of communication channels. The model, with 
universal applications for describing human behavior, may allow 
interpretation of how and when learning occurs. (A glossary of terms 
and data tables are appended. A simplified diagrammatic version of 
the model is included. ) (Author/AL) 
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Introd uction 

Claude Shannon (l) formulated the Mathematical Theory of Communication over 
twenty years ago* Since then its* name has been changed to Information Theory and 
has been applied to a number of other fields. The late H. Ou as tier (2) applied it 
to molecular organization and evolution. Several psychologists (3 5 U-i 5) then 
applied the theorems to the study of learning behavior. Some recent work (6,7) has 
been done on the information processed in learning experiences. Q, A. Miller (8) 
used it to establish that humans, operating under certain conditions, can "remember" 
seven, plus or minus two, items placed in a series. Other researchers (9,10,11) 
have used the theorems in the study of language. Leeuwenberg (l£?) and Garner (13) 
have recently tried to interpret picture structure and richness with Information 
theoretic measures, Eventually, some theoreticians (lU,l£, 16,17 ) attempted to 
incorporate Information Theory into a memory model. Their attempts unfortunately, 
did not test the validity of the models with experiments on human behavior. 

Hsia (18 ) was the one researcher who attempted to explain visual and auditory inputs 
and mental processes by information measures. His attempt was confusing because he 
did not adequately define the information theoretic measures and explain how they 
functioned in cognitive processes. 

There is still some hope that Information Theory is a body of knowledge which 
can describe cognition and can interpret how the human memory functions in processing 
tasks. The relationship of interpretative values for the use of Information Theory 
has been elusive. It is claimed that J, Piaget (19) believes Information Theory 
may provide a means for interpreting child development. Deutsch (20) recently 
reported that tonal sounds are logarithmically arranged in the human memory, 

T re hub (21) has found that visual representations are treated as a Fourier series 
in the brain. The information theoretic measures are based upon the numerical 
foundations of Fourier series and base two logarithms, 
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The author, being a cyberneticist, believes Information Theory has a logic 
system which, when interpreted in a particular manner, does serve as a means for 
explaining human memory and its functions. The task is one of interpreting theorems 
and of constructing theorems which enable an exhaustive correspondence of them with 
the "known" processes of the human memory. These processes are related to cognition 
and the behavior of man in an environment. The model of a memory needs to take into 
account how man moves "through" the environment, how the memory responds or reacts 
to perceptions, and how model components interact with each other in enabling an 
interpretation of those human behaviors. An information theoretic kind of model is 
more difficult to understand than qualitative models because all the information 
being processed in memory actions are numerically labelled. However, it is probably 
the appropriate model approach because behaviors seem to be discrete, are variety 
distinguishable, and involve numerical considerations. 

This report should be regarded as an interim one because, as it will be seen 
by the reader, there are some refinements and additional definitions which need to 
be done. 

The memory model described in this report is quite complicated. The verbal 
description is in a systems kind of presentation. This may seem confusing to the 
reader. However, it seems to be the best way for the description to be comprehended 
by the reader. 

P urpose of the Problem 

The problem was to determine the applicability of a memory model, based upon 
Information Theory, to the observed behaviors of humans engaged in processing 
cognitive tasks. The model was developed by studying the meanings of Information 
Theory principles and interpreting psychological studies of behavior which did or 
did not use information measures. The outcome was the deriving of new information 

measures and testing how they facilitated the interpreting of human behavior. 

d 
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The memory modal was completed in 1971. Twenty-two experiments have been 
used for criterion tests in the past year. Thirteen of the experiments are reported 
for illustrating the models for relating its' applicability to human processing of 
cognitive tasks. In each data treatment we have carried out tests of the 
similarities of data and the roles of those data in interpreting the behaviors of 
humans . 

Trj 0 have concluded that human behavior possesses observable patterns which are 
Markovian, The conclusion was reported in a paper at the 1971 HARST conference (22) . 
Four sets of data have been computer-treated j tested and found to be Markovian 
since the presentation. 

It has been an issue that behavior data are Markovian as a consequence ox 
their having been coded. The observed behaviors are coded using a modified 
Parakh Category System. (23) * the Gallag he r-A sc hne r System (2li), or by a noun-pronoun 
term analysis system which was devised at the University of Pittsburgh. The codes 
are placed in a matrix; which relates .consecutive codes to each other. We have also 
studied behaviors which were not coded. Those were experiments for studying how 
humans solve two different kinds of electric circuit problems. The electrical 
connection events were also placed in matrices . One of those studies was reported 
by B. Felen and G, Moser (21?) at the 1971 KARST conference . The major finding was 
that both observation treatments of human actions obtained information values which 
were very similar. This finding has prompted a question of whether or not either 
the observational means wore "reading" the behaviors of humans and whether or not 
such observed behaviors were in some way interpretable as being cognitive behaviors. 

The second aspect of the problem was to test each of nine primary and nine 
secondary information theoretic measures for relatedness to each other and to 
external variables. The former was to determine how each measure interacts within 
the memory model. The second phase was to test how model components were related to 



cognitive and conceptual measurements of human learning behavior. 






The primary rationale of Information Thcorjr is the quantifying of the uncertain- 
ty of communication elements* or observed human actions or behaviors. The term 
uncertainty is taken literally and is regarded as information which measures the 
freedom of a human to process a task. Uncertainty does not quantify any one event or 
action but rather the n evennesG ,? of the structure of a set of events or actions 
executed in a task. The reader is urged to keep this in mind when he reads the 
subsequent treatments and findings. 

Procedure 

Thirteen studies and experiments were used bo tost the model. The descriptions 
of these are in Appendix I, They involved ehildrcin* beginning at six years* and 
adults from two universities. The experiments were designed to vary modalities* 
task conditions* and kinds of cognitive tasks. The modalities included verbal 
behaviors* speaking and writing kinds of messages* and nonverbal actions such as the 
wiring of electric circuits. The task conditions included students doing science 
investigations in laboratory and non-laboratory settings (experiments 3 and 13)-b 
children interpreting science phenomena in a !f Piagetian rr setting* (experiment U) * 
site-testing of people solving two kinds of electric circuit problems (experiments 
2 and 12)* in individual test situations* and lessons being taught in science class- 
rooms (experiment l). The cognitive tasks were of the problem solving* recognition* 
and immediate and delayed recall types. 

The data for each set of observations of humans in each experiment were treated 
in the same manner , This involved treatments of 277 different sets of data. There 
were often subsets of data because some sets were treated with interaction codes* 
term analysis* and as non-verbal actions. An explanation of this is that set and 
subset treatments each involved obtaining 18 information measure values. If a 
Parakh-modified analysis of monogram* digram and trigram codes was done* there 

O The experiments are numerically coded to correspond with table entries and with 
ERIC sseriptions in Appendix I. 





values. Th.s series ox experiments had a total of U 56 treatment sets and subsets* 

The IQ information measures were calculated to determine the .nemoryful condition of 
tho observed behaviors. Then another 11 information measures were calculated to 
determine behavior values in the memoryless condition. 

Some cyberneticists regard an information measure value as analogous to a mean 
value. An information measure value does describe any one of the observed behaviors 
which was evidenced in a human processing a task* The study involved recording 
hbp 93$ verbal behaviors and 0j0U 9 non-verbal behaviors. The information measure 
values were regarded as measuring the specified kind ox information for any one event 
or action^ and which was of a behavior executed by the individual who was being 
observed in an experiment* To pxit it another way ^ a particular measure is of the 
kind of information which describes any one of the actions made by the human being 
studied* The kinds of information measures and their meanings in the memory model 
are present od later. 

A sot of codes or events (non-verbal) was placed in a matrix so it could be 
used to determine information measure values* Several sets of data matrices from 
four experiments were treated on an IBM/600 computer. This treatment was done for 
the test of Markovicity* However^ the cost of computer treatments became prohibitive 
A study was then conducted for finding the numerical relationships of information 
measures to a Markovian Chain, It was Found that the H(x) measure was equal to the 
H x (y) measure at steady state. The difference between these measures is CODE or 
trans informat ion ( 26 ) ? and it approaches a zero value at steady state* However j 
steady state is only real in theory (27) and, is not completely obtainable on a 
computer* As a square matrix ( o£ say 30 x 30) is pro duct -treated to higher powers 
the i j row transition probabilities lose unity sums. This is due to a rounding-off 
of seven place decimal fractions. A numerical operation was constructed by which a 
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memoryful matrix of data could bo treated to obtain its steady state level. The 
CODE remaining when the steady statOj memorylosa* condition was obtained was then 
measured. The same computer-treated matrices were compared with the numerically 
operated calculations for steady state. It was found that the information measures 
of dependence did not differ from computer-obtained steady state matrix values by 
more than 00,17;* to 1 . 76 %* The operation rationale is based on the structural nature 
of a Markovian chain in an indecomposable condition and its exponential decay 
properties (27). The reader should keep in mind this derivation of information 
measure values and the treatment operations 3 because it has bearing on the 
"dependence strength" measure found in the description of the memory model. The 
implication will be established that a steady state cognitive processor is memory- 
loss because coherence has gone to 2 iero. It will bo shown that intelligence is 
related to the memoryless condition or long term memory store components 3 and that 
information of a perception kind may still exist in such a condition. 

Results 

P rell minar y Analysis 

The human memory model described in this paper is very complicated. The 
complexity is acceptable to us because man's efforts to study cognitive processes 
of humans is recognised as being an historically insurmountable problem. The 
information measures which are used to describe memory processes and components 
involve complex numerical operations. These operations are 3 in fact 3 too involved 
to be described in this paper. The author is the prinicpal Inventor for a 

1 

patent (No* 3j6llj313) which embodies these operations. 

Considering thes w conditions for the proposed memory model* two approaches for 
describing It are herein presented* Appendix II contains a glossary of information 
theoretic terras. The second approach is a presentation of a simplified description 



(figure I) of the model and an over-simplified narrative of the components, and 
thoir actions, in the memor/ model. The reader is advised to carefully study either 
approach before proceeding to the findings - The reason for this advice is that tho 
findings present corollaries of processes and processing-pathway differences used to 
accomodate behavioral and cognitive conditions found to ensue in the memory flow of 
information* 



Narrative 

Tho human is in an environmental sotting. He (sic) perceives an array of real 



world objects. series of H(x) a messages enter the short tom memory store (STM)#. 
The messages are going to be "scanned 11 by an Hy(x) a unit which is "passaged' 1 to the 
long term memory store (LTH) #, and where there is obtained a "gross" match of a 
"recognizor" for the input H(x) a , The Hy(x) a unit "returns" to the STM and "scans" 



tho H(x) a message. This is dono by interacting with a released H x (y) a message. The 
purpose is for a multi-level (3 lovols) decision-making process. The H(x)» will be 
(1) allowed to decay because there is no "match" in tho scanning process. The 
message will bo filtered to obtain a CODE 3 signal for transmission to tho LTM (2) 



or to tho STi j l C3^ f ,o r stnothoir p&thwsxy flox^x trostuisni* 

\ filtering process occurs to form a CODE 3 signal. The CODE signal is a 
"chunk" (8) which is transmitted to the LTM for the retrieval of "new" informationa. 
content. The "now" content is LTM-SS 3 and is match-registered for "passage" on an 
output pathway. The match register seems to be an assimilative process which is 
used to obtain a REAL 3, message, and involves some kind of combination of CODE 3 and 



LTM-S5 a . 



^Denotes information measure in the narrative# 



#The underlined STM or LTM "symbols" are used in this paper as abbreviations of 
short term memory store and long term memory store. 
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The CGDE n signal is used to "chunk" messages in the STM for an output of 



Information messages. The "chunk" is an interaction of I,TM-M a and the end-product 
is of a feedback interact ion with an LTM value called LTM-S3 a . The result is a 
RHAL-M 3 which is the useful information to be output as a message. 

The output* H(y) a j is "noisy" when it roaches the external world because of 
spuriousness operating through the output sensory system. The NOXSE a in the 
information processing channel is due to STM holding or + -o the lack of proper 
matches in LTM retrieval processing. The NQXSL a in the x message is usually lower 
than the NOISE a in the y message in the STM or memoryful condition. The NOISE 3, is 
at a maximum level in the LTM because there is an independence of x and y messages 
(in a sequence) when there is a search for a "now" message in the LTM memory file. 

The H(x*y) a unit in the STM "holds " proximity messages of x and y. The Il(x 3 y ) a 
in the LTM is equal to the CODE a signal in the memoryless condition. This Is an 
LTM rehearsal process of a comparator mechanism for the match-register operation in 
the LTM* 

The proximity relationships of messages in the STM are a function of the 
CODE a signal* Some messages are of the attending behavior and most CODE a signals 
for it are "destined" for an STM pathway treatment. In the case of monologues^ the 
strength of dependence 3 is low. When informational content is being treated the 
strength of dependence 3 increases so that the relative CODE 3 signal value is greater 
because the signal is being transmitted to the LTM , 

Various ratio factors ar© flowing in the memory channels. These are of the 
H(x) a , H x (y ) a 5 C0D3 a 5 HEAL a , and LTM 9 . They arc information levels for "match" 
purposes in the process of executing the development of a new output message from 
the memory. 



a 



Denotes an information measure in the narrative. 
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Finding s 01 



The structure of an input nieasagp contains components which identify attentions! 
behavior* tHo Isen^trElc natur e of the message* a nd its* 'i nfo rmat 1 onaX^ontont , ” "™ 

The criterion measures are the strength of dependence between messages, the 
useful information (% REAL ) * and the error correction information factor (Hy=(x)/H (x) . 

Experiment one shows the last two criterion measures (see Appendix V)* The 
error correction factor decreases as the structure of a message increases. Xn an 
ongoing input zlow* the human identifies who spoke (monogram) * whether it was 
question or statement inflection (digram) 5 and what was the informational content 
(i r ig ram )* As iho perceptional focus operates*, the incoming message "obliterates" th> 
uncertainty of the message being received. ((Hy=(x)/H(x) ) . The decrease of "noise" 
approximates a geometric function ( .177 ^ .09$;*0h6 bits per input bit). This is 
probably of a phase space structure. The useful information (REAL) in a transmission 
channel Is invars aly related to the "noise" in a channel. Therefore* as the above- 
stated "noise" decreases in the increased structure of the incoming message* the 
REAL information normally increases ( . U56* . 6i±8* and .583 bltsper bit of shared 
information) . 

The strength of dependence between messages is a function of the content 
completednoss of an incoming message and of the attentional behavior for the 
message. The strength of dependence increases from monogram codes* digram* and tri- 
gram codas (usually from an through an M 2 ^ power). Thus, as the attentional 

behavior "operates"* the human executes a connectedness of the time— framed input of 
the discrete message components. 

Additional evidence for the role of attentional behavior is soon in the data 
of experiment four (see Appendix X). Children aged 6*8*10* and 12 years were each 
placed in a room with an adult. The children were shown science objects* such as a 
radiometer* and asked to interpret it. Their messages were coded by the modified- 
Parakh category system (23)# The amount of error correction information per bit of 



input information was calculated for the messages (see Appendix V). The eight and 
ten year old children processed loss error correction information at every gram- 
message level (monogram, digram, and trigram) than was done by the six and twelve 
year old children. They processed one-fifth* 0,1038 bit, as much error correction 
information at tho trigram level. They had. only 0„£862 bit an the monogram level, 

as compared to 0,712 bit and 0.7i;6i bit for tho six and twelve year olds. It was 

concluded that eight and ton year old children had an attentional behavior which was 
greater than tho other two ago groups engaged in interpreting concrete objects. It 
is possible the data indicate Piagetian maturat tonal levels of children. This 

possibility is boing studied in two experiments. These are of individuals and of 

groups of children from grades one through six. They are giving interpretations of 
the radiometer and of the ball-and-boat, or flotation principle. 

Other evidence of tho fractional structure of cognitive messages can be seen 
in experiment three which describes the dialogue of four tenth grade children who 
solved an abstract problem about an illness. (see Appendix I for a description.) 
Those data were coded in trigrams and in terms, and it was found that the two kinds 
of codes varied as to tho lessor and greater amounts of error correction information 
being processed in topic treatments. By listening to the dialogue one can discern 
the reason for tho differences. Tho degree of concept difficulty in the sentences 
spoken by the children corresponded to the level of ini'ormation measure in term 
codes. 

Finding: 02 

The cock s l^nal ratio is a function of t ho interaction of the kind of task be ing 
processed and the degree of the match between input information, and of long term 
memory error '"^ or^ct ion scannin g^ 

The filter mechanism in the short term memory store is used to form a G0D7S 
signal. The signal serves as a template which enables the forming of an output 

, The nature of the signal product, how the signal is due to an interaction 



message 



between incoming information units and its "recognition" for being related to stored 
information was explained in the memory model description (page 7 ) * The code 

signal ratio is interpreted as the size of the GODS signal information unit as 
compared to the input information unitj which is H(x) * A ratio of ,50 means there 
was o no -half bit G0D3 signal formed for every bit H(x) input* The findings of code 
signal ratios for cloven experiments are listed in Appendix XU, 

The signal ratio was found to bo a descriptor for the task being processed. 
Problem-solving tasks usually have a smaller magnitude of code signal ratios for 
each message* (Ilhcperiments 6*8*11*12*13)* Recall tasks (experiments 7*9*11) are 
usually processed with larger code signal ratios* .Free recall tasks have larger 
ratios than constraining recall tasks. Dialogues (experiments 1 and l_j) usually 
consist of recall type tasks but vary as to the structure of messages being formed. 
For example* classroom dialogues (experiment one) have decreasing code ratios as 
the message structure is completed. On the other hand* a child being interviewed 
by an adult as he interprets a science object (experiment four)* engages a problem- 
solving mode* In this case* the ratio increases as the structure of the message is 
being completed. Co mniQnt : the reader should note that digram codes of 8-10 year 
olds had a code signal ratio of 0.188U bit and an error correction factor of *2209 
bit (soo finding number U ) for incoming messages. A digram code is in the form of 
either a question or statement* In finding one* wo advanced the possibility that 
the information measures wore indicative of mental maturation levels. 

The code signal ratio which is processed during problem-solving tasks is also 
related to the degree of success obtained in the task* Children who tried to solve 
the parallel circuit problem (experiment two) and who succeeded* processed larger 
code signal ratios (ratios of 0,2835 to 0,3588 bit) than did children who did not 
succeed (ratios of 0.23U5 to 0,2522 bit). The same general finding is seen in 
experiment twelve in which college undergraduates tried to solve parallel circuit 




14 



- 12 - 



and three-way circuit problems. Those who succeeded processed a larger code signal 
than was processed by the subjects who failed to succeed. 

The same principle for interpreting code signal ratios is seen in recall — 
problem solving typo problems. dxpGrimsnt thirteen was oi dialogues of groups of 
four children who wore treating seventh grade science investigations (see ..pponciix I 
for the description) . Those treatments wore scored for the degree of success the 
groups had in answering the questions in the investigations. Some of the children 
wore grouped to do tho investigation in a laboratory sotting while others did the 
same one in an "isolated 1 ' sotting, or without the science materials for doing the 
investigation, Tho code signal ratio was found to increase as there was an increase 
in the achievomont score (sec experiment 13, Appendix VI for average scores). 

There is some evidence that tho code signal ratio is related to learning. The 
subjects in experiment twelve were undergraduates who tried to solve electric 
circuit problems. If they failed to solve the 3-way circuit problem, they wore 
given a ten-minute 'training# Ton subjects succeeded in dSing the problem ax tor 
training. prior to tlio training each action processed a OODiii or 0.2033 bit - or 
oaoh input message* H(x). The post^trainlng actions processed a ratio of ,03866 
code signal per input message. On examining (see Appendix III) the change ox* 
signal ratios * it was found that failure actions had increased process levels for 
every group which received training. The implication is that CODi^ signal ratios 
increase as learning occurs, and that the increase must roach a threshold level for 
meaningful learning to be manifested. The relationship of code signal ratio to 
learning experiences is also seen in the data of experiment thirteen (soo Appendix 
Vi). The achievement scores of science investigation groups were found to be 
significantly correlated to settings for investigations and to the kind of topic 
being investigated. The interpretation was that children isolated from the 
laboratory experiments and children who were involved in a difficult topic (conccrn- 
O 
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Ing seeds and the tctrazolium test) processed code signal ratios positive!*/ 
correlated with the score the/ earned* In both cases 3 the cognitive task required 
of the children was lacking in completeness and demanded "cognitive strain"* It 
could bo inferred that the signal ratio became more corresponding to the input and 
error correction as a means to "achieve". The reasons for the other groupings of 
students 1 messages in settings not being significant!/ correlated with achievement 
will bo discussed later. Here it is sufficient to sa / those groups had higher code 
ratios and higher average achievement scores. 

The COBH signal is transferred to the LTM, as previousl / mentioned* and it 
enables a search for the retrieval of stored information. In 1962^ Landauer (28) 
found that the approximate maximum rate of transfer of information from the STM 
to the LTM is three to seven items per second. The studies wo have conducted 
indicate that the CODE signal ranges from 0 # 02 to J.u 9 bits over/ four seconds. This 
is an item rate transfer of zero to 30 items ever/ four seconds) at a maximum rate 
of items per second. 

Finding s 03 

The strength of dependence betw een Information messages seems t o be more related 
to the perceptual coding of the external world tha n to any correspondence proces ses 
oITH StorGd informatio n . 

The evidence for the possible role of the strength of dependence is shown in 
Appendix VIII, It Is not significant!/ related to achievement levels obtained b/ 
groups of children investigating science content (experiment thirteen). In fact, 
the greatest dependence (at M^) i s when the students had more information avail- 
able to them from the text material or had concrete objects in the forms of 
labor at or/ materials. 

The same phenomenon occurs for the semantic structuring of messages. The 
power at which a stead/ state condition is obtained increases as an incoming message 
builds* That is^ a monogram gets to stead/ state at or The digram code 



reaches the momoryless condition at or and the trigram reaches the same 

condition at or ^66,536. Those data arc not reported in the appendix 

because the study of dependence is still in progress. 

However, there is evidence as to how the strength of dependence is related to 
other memory model components (s3e Appendix VIXX). The dependence biweor. messages 
increases as the noise or spuriousnass of the informational message increases. An 
increase in the dependence between the messages flowing in and out of the memory is 
accompanied by a decrease in the amounts of input and output information. This is 
quite logical because redundancy of message relatednoss also means a decrease in the 
Individual discretonoEB of those messages. That is, the "uncertainty" of independent 
messages paradoxically decreases as the adjacent messages have a greater strength of 
dependence between them. This principle is related to the flow of useful information 
in the memory model. It must bo kept in mind that the model operates in units which 
are noisy and discrete. Thus, as the dependence strength increases, the useful 
information shared between consecutive messages decreases. 

The strength of dependence factor is discussed again in finding four. 

Finding :0U 

Error correction information is a me mory component which operates as a 
c ompaFatoFT^ The ~f one ll^‘o? ^Eo~ e rrnr correction information sorvea a dual role in 
the memo rvful" and memoryles s conditions. In the former it controls the filtering 
nr-nnnfls f nr " information of a CODE sig nal. In the memoryles s condition^jl, ^ 
operates as a^iiatch" process. The error corr ection f actor Is influenced by the 
amount and content of Input information* t, hc~ potential tor successful lnto mation 
pi-oco s slng"Ts~"iunct i o n of the rFnge~ of tolerance of the operational .-f-E?. 
comparator meclianlsm » 

Tho error GOrroction component of tho rtiGitior*^ model is qu.ito o oiupl icnto d * li 
seems to serve as a connection between the 3TM and LTM stores. One piece of 
evidence is that. In a momoryloss condition, the value dliforence is usualxy an 
increase which is equal in bits of information to the decreased amount of REAL or 
useful information. Heroin is also some evidence of the feedback role of Hy(x). 



The H (x) measure is probably nob a major control factor in the use of STM 

V s 

information production pathways. Appendix: V lists regression analysis results for 

a comparison of the H(x) and Hy(x) measures in clovon experiments. The analyses 

wore done to tost the hypothesis that the input massage is not directly corrected by 

Hy(x) in tho STM. It can bo seen that a memoryful Hy(x) was correlated with an H(x) 

input message in only four of the eleven experiments. On the other hand* the 

memorylass %(x) was significantly correlated to the input information in ten of the 

eleven experiments. Experiment six was the exception for having any correlation and 

it involved a chained monologue on an. abstract topic (see Appendix I)# The slopes 

(byx) for momoryless condition error correction information increased in every 

experiment. Notice that 5 excluding experiment six* the lower limit of H^(x) was 

0.7235 bit (experiment eight) and Hy(x) had an upper limit of 3.3539 bits; in the 

conduct of attentional behavior in science lessons (experiment one). However^ in thx. 

chained recall experiment ^ tho H (x) value increased by only 0 .UO 16 bit for each 

y 

H(x) input bit of information. The interpretation may seem spurious because tho 
coefficient of correlation for the memory-loss condition was not significant. How- 
ever, tho experiment had a mean Hy(x) of 2.67 bits, much lower than those obtained 
by tho same subjects in the other five experiments (numbers 7 - 10 ), 

Another piece of evidence for the oddness of the information flow can be seen 
in the rate of error correction information per input at the memoryful and memory- 
loss levels. The experiment was designed to be for a recall taslc and to repeat an 
earlier experiment (experiment five) , in which the same content was used to flow 
through a chain of humans. However, experiment six data turned out to indicate it 
was processed by the people as a problem solving task. One could ask how a pre- 
designed kind of task was not treated as that same kind of task by the subjects, 

Tho experiment had two chains of five subjects who listened to a five minute 
monologue of a colleague and then immediately "passed" it on to another person by 



means of a monologue, Tho first subjects listened to an audio-tape of tho source 
content. Otic of the sub loots who listened to tho tape presented a monologue which 
was attempted on a long berm memory basis. That human had a momoryful Hy-(x) of only 
0,0223 bit and a noise factor of only 0 . 0061; bit per input. This was very low 
compared to respective averages of 1,3996 bits of Hy(x) and .3576 bit for tho group 
of subjects. In other words this person tried to learn a very abstract and foreign 
passage of Information, Then, on having failed to do so s output a monologue which 
was of term me ns, ago repetitions (7 9*9% conditional redundancy compared to 52, 2% for 
the group average , so© Appendix VII ), The monologue was thusly received as a 
quite incoherent treatment and was consequently treated lator as being a problem- 
solving task, Tho subject discussed here also operated an STM in a rather odd manner. 
The first link of the chain used an STM information LTM-M?* of 0,3800 bit while the 
throe persons who followed in tho chain had an LTM-M-*- value of 0.1709 to 0.1753 bit. 
The LTM use of LTM-SS had values of O.U695* 1,0983* 0,9521^ l,081j.9 bit information., 
from the beginning link through the subjects in the first four chain links. The 
fifth and last chain person processed an LTM— of 0.086 and LTM-SS of 1.3637 bits. 
Clearly* tho first subject was operating with iiU, 73 percent of tho LTM information 
being formed in the STM. Look at Appendix IV * which shows the proportions of tho 
LTM processed in tho STM, Notice that U5» 3% of the LTM processed in the STM was dots 
in a classification sorting experiment (ll) which involved problem-solving,, recognition 
typo tasks. 

The foregoing interpretation is an analysis of how tho error correction operator 
relates to the input messages (H(x)) in tho memory model. Wo shall lator show how 
error correction is related to tho mental ability of humans (Finding :06 ) . There is 
a threshold level at which error correction begins to "correct" input H(x) , informa- 
tion, We devised a unique system to isolate tho levels of variance which operated 
fa* 1 the activation of the error correction unit. Tho results of the analysis arc 



shown in Tablo I , Tho a x coefficients for regression analyses (from results shown 
in appendix V) wore used to determine tho amount of input information which could 
bo input before tho error correction unit became active, Thon the n variance r? of in- 
put which could bo error-corrected before the average information input level was 
obtained in tho memo r 7 • This system for analysis enables an approximation of the 
degree to which Hy(x) corresponded to tho input information, 

Tho analysis dovisod to study the error correction component is quite logical 
when it is known that a momoryloss condition has an error correction measure which* 
when tho slope of error channel region of Hy(x) :H(x) is calculated* operates at a 
slope of 1,03 bit Hy (x) per bit of H(x) information. The reader who wishes to study 
this principle should road finding five before continuing this section. 

Please examine Table I. As the input information decreases there is a level at 
which the error correction component n shuts off ,r (see columns one and throe). The 
decrease is from tho average Il(x) and occurs in all but one of the experiments , The 
exception is for tho digram code of experiment one# Keep in mind that the aver ago 
teacher talk for tho 30 science classroom dialogues was 70 percent and tho digram 
identifies th© semantic structure of a spoken message. The degree of tho change of 
tho H (x) value is shown in columns two and four. These figures have th© same signs 
as corresponding entries in tho respective columns. 

There are several observations in the results of degree of change for threshold 
levels of error correction: 

(l) Children who failed to solve problems (experiment 2) had an 
error correction unit which was probably not operating any 
differently In a memoryful condition or in a condition where x 
is independent of y in th© LTM. The contrast is different for 




successful solvers* and it probably moans these children usod 



the LTH storage to solve the problem, This observation 
is suggested in section five. 

(2) The same situation occurred for children interpreting phenomena. 
Their attontional behavior (monogram in experiment U)* like 
failure in problem solvings probably* did not have much operation 

of tho LTH , 

(3) The Hy(x) -SS probably has a tolerance range which is related 

to tho comparator mechanism proposed by Sternberg (29). The 
experiments differed in their experimental sotting and design 
(see Appendix I), Wo can easily compare mcmoryless tolerances in 
terms of what is known about the performance behaviors in the 
experiments. Higher levels of tolerance occurred where humans 
attempted to balance their learning through input information 
and retrieval information, Experiments £*9* and 13 verbally 
processed, and involved an individual confronted with a task to 
perform. These high ranges of tolerance are contrasted with 
ranges in experiments and 10 wherein the subjects had 

soma permanent information existing in the experimental environ- 



ment. 

These observations indicate that the lower the tolerance range operating for the 
input information^ tho closer is the match for the correction of that information. 

The analysis was continued by studying the ranges of changes in tho average 
amounts of H^.(x) measures which occurred for the changing from memoryful to memory- 
less conditions of information processing. The numerical operation was expressed as 



Hy^(x) -S3 minus Hj r (x)-M 1 , The bit differences are shown in Table IX. The sane table 
shows the strength of dependence for messages at a l6th power level of code signal. 



Tju3Xiij I 



Threshold. Levels for tho Activation of the 
Error Correction or Comparator Component 



JxpGrimont 


Memoryful Input Change 


Momor ylo ss 


Input Change 




BITS 


% 


BITS 


% 


(l) Classroom Dialogues 
Monogram 
Digram 
Trigram 


-Q.03?6 a 

+0,Q81iU b 

-0.2690 


u.Boi 

5,07 

9.65 


-0.0965 

-0.0713 

-0.1106 


12.32 

U. 28 
3.96 


(2) /Electric Circuit 
Success 
Failure 


-0.2587° 

-0.8031; 


9 , 37 
27.95 


-0,7696 

-0.8765 


27.89 

30.50 


(U) Interpretation of 
Phenomena 
Monogram 
Digram 
Trigram 


- 0.2910 

-0.1991 

- 0.5053 


20.36 

8.89 

15.05 


-0,3715 

-0.2318 

-0,3381 


25.99 

12.58 

10,06 


(5) Conceptual Level 
Tost 


-O. 803 U 


35.83 


-0.3765 


39.09 


(5) Chained Recall $1 






-2.U610 


63.07 


(7) Bclayod Recall 






-1.902li c 


hk.79 


(0) Abstract Problem 
Solving 






- 1 .U 297 


33. UU 


(9) Recall of passage 






- 2 .U 036 


59.98 


(10) Recall (free) 






-1.6857 


35,15 


(11) Classification Sorting 






-0.99U5 


25.91 


(13) Conducting Investigations 




-2.6516 


65.95 


a 

To be interpreted that H(x) 


can decrease 


0.0376 bit 


before Hy(x) op 


•orator activate 


b 

To be interpreted that H(x) 


can increase 


0.08UU bit ' 


before Hy(x) ope 


rat or activates 



c 

Significant at 10JS level of rxy significance. 



To be road that H(x) changes U.80 percent from where H (x) begins, until the 
"average" H(x) occurs. Viewed as variances for operation of error correction 

information, 
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The tolerance range of the operation of error correction roughly approximates t 
the amount of change between memoryful and momoryloss conditions. This observation 
fails to apply to situations where the Hy(x) factor is related to external world 
exigencies, Tho larger amount of Hy(x) change occurred for such situations (see 
experiments 7,9,10, 11 and 13b and 13c). In all casos tho subjects wrote their 
responses to external stimuli or had objects in tho external world witn which they 
wore interacting (experiments 7>H and 13b and 13c), This relationship of the 
error correction unit matching a recognition of the input information from tho 
external world is exemplified by two of the experiments. In experiments two and 
eleven, the subjects wore treating situations in which the objects of tho environment 
needed to be interrelated (see Appendix I), Notice that these two tasks had tho 
greatest strength. of dependence ( 2 , l4.i4.OO , 1 . )|06 / , and 3. 7 3U0 respec tively) . The 
literal translation is that the •'perceptional 1 ' relationship between x and y outputs 
was greater when the real world objects had a perceived degree of permanence, Tho 
potential for succeeding in solving the electric circuit problem is seen in comparing 
the change of error correction information levels and tho strength of dependence. 
Those who succeeded in solving tho problem (see experiment two) had a range of Hy(x) 
change similar to those who failed but they maintained a greater strength of 
dependence until the steady state or momoryless condition ensued. How did they do 
this? The GODS signal ratio (see Appendix 3) was greater, a greater amount of the 
now information (mi) was retrieved from tho long term memory store (see Appendix IV ) , 
and they had a greater differential for the activation of tho error correction unit 
between the memoryful and msmoryloss conditions (see Table I). 

One needs to keep in mind that the interrelationships of the strongth of 
dependence and tho error correction change interact with the input Information, 

This consideration is seen in the findings for tables one and two 5 for experiments 
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nine and ten. The recall tasks were studied by the modality of the subjects 
writing either what they had heard (experiment 9) -r what they knew (experiment 10). 



In both cases, the responding subjects could "check" on the nature of their state- 
ments by reviewing what they had previously written. These strengths of dependence 
were both vary low and did not appreciably differ from each other. One of the 
experiments involved the subject attempting to recall what he or she had heard 
(experiment 9) and the other experiment (10) was one wherein the subject utilised 
what they knew, which was from previous learnings. The distinguishing factor was 
found in the tolerance range for the activation of the error correction of the input 
information. As shown in Table I, the subjects who were trying to recall what they 
had heard operated a greater tolerance range. On the other hand, the humans (same In 



both experiments) who had to match a large amount of LTH information retrieval to 



what they stated in the external world, had a decreased tolerance range, 
interpretation of relationships enabled a conclusion that the use of the 
correction match register of the long term memory store decreases in the 
activation tolerance for an increased efficiency of the retrieval of new 



This 



error 



range of 
informa- 



tion from the long term memory store. This sequence is supported by the proportions 
of the LTI-'I which originate from the long term memory store (see Appendix IV), 
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TABL2 II 



Tho Range of Drror Correction Information. Botwoon 
Momoryful and Momoryless Levels* 



Dxporimont : 


Bit Change from 


.-Vo rage Dependence at the 


Ilemoryful to Momoryloss* 


16th power, expressed in 




Condition 


negat’ive - three exponents 


(1) Classroom Dialogues 


Ho nog ram 


+0.1350* 


.OU58 


Digram 


+0.3715 


.0973 


Trigram. 


+0.0U50 


.03U7 


(2) .Hoe trie Circuit 


Success 


+0.7113 


2.UU00 


Failure 


+0.6756 


1.U067 


(U) Interpretation of 
Phono me na 


Monogram 


*0.1680 


0 


Digram 


+0.1U00 


.2325 


Trigram 


-0.1750 


.1958 


($) Concoptual Level 


Tost 


+0. UldO 


. 59 3U 


(5) Chained Recall #1 


+2.2220 


.OU72 


(6) Chained Recall ,/ f 2 


+1.270U 


.026U 


(7) Delayed Recall 


+2.1733 


,0209 


(3) Abstract Problem 


Solving 


+1.530U 


,0210 


(9) Recall (of a passage) 


+2.2376 


.0127 


(10) Recall (free) 


+2,6932 


.0006 


(11) Classification Sorting 


+2.1953 


3.731+0 


(13) Conducting Investigation 


s+1.2237 


,0593 


a) Non-lab* 


(av, scoro=5l*2) 


+1.1172 


,0560 


b) Lab, 


(av. score s 09,U) 


+1.3313 


,0626 


c) Anatomy topic 


(av, score = 90,6) 


+1.5U16 


.0270 


d) Seeds topic 


(av, score = 70,0) 


+0.9065 


,0916 



^l-Galculated as moan Hy(x)-M?- subtracted from H, r (x)-S3 moan value. 
^"3ad as an incroaso of 0.135 bit Hy,(x) from Hy(x)-M*^- to Hy(x)-SS 



To be 



Finding ; 05 



The output information which is "now" is the HEAL inform ation in the memory 
modal , and is a .Unction ' of tho~ in teract iolTof thcTCODE a nd LTH information process es 
Tho XTH Information measures constitute the ll ncw ,r Tnf ormatlon formed i n the STI|^_as_ 
a consoquonco ox a TI c hunk tag’ r proces s ^ and in th oT LTM of the LTVI7 wKicriideiitl fles^ 
tho^'new^^T-nT o^mation Wtrievod from the long term memory store . 

The REAL information is a coranon information theoretic measure (3Gj>lU, 31jl3) * 

It is defined as tho useful information shared betwoon two consecutive -messages, and 
is sometimes called mutual information (32,33). The algorithmic approach for the 



HEAL measure is that it is the sum of the CODE signal and the LTM measure values. 

The CODE signal is also called trans informat ion (26). It has not been recognized of 
"valuo" to other information theorists. As described in finding number two, it may 
be the "chunking" factor hypotho sized by G, ... Miller (8). The LTM information 
measure was derived by tho author of this paper. It has a quite logical meaning. 



If an input message is coded, that process probably occurs in tho short term memory 
store (3U). The CODE signal not being tho "new" information, is the signal template 
for identifying (match-search) new information, which is to be retrieved from the 
long term memory store. That process does not account for tho task information 
processed mostly in the short term memory store. Nor does it represent tho "new" 
information retrieved from the long term memory store. It has been hypothesized that 
the HEAL information represents the new information retrieval from the long term 
memory store. However, a mathematical analysis of the EE.iL measure shows that 
changes of information values from memoryful to memoryless conditions do not 
identify HEAL-SS as being equal to tho CODE-M 1 ! Tho CODE measure value is equal 
to tho value change for tho information shared, H(x, y), between two consecutlvo 
messages! as the system goes from a momoryful to momoryloss condition, Tho REAL 
information in tho momoryloss condition has a change value, from thu momoryful 



condition, oqual to tho LTM measure value 1 The relationship is quite logical. The 
rn^malo is that a message output from tho short term memory can be a chunking 

:KJl 



However, there 



process whore the GODS plus the LTM— M 1 value is the HSAL-i 1 ! value, 
is no CODE in the long term memory store and the "assimilated" information (6) is 
tho Information retrieved from the long term memory store. This is tho LTM-SS or 
REAL— SS which aro of the same information valued 

The reader may now ask tho moaning of the LTM information measure in the short 
and long term memory stores. It is quite simple. The LTM— M 1 is the now imormahion 
in the short torni memory store, and tho new information is the configurational change 
in structure resulting from tho chunking process, or tho result of an interaction of 
tho CODE and LTM-M 1 measures in order to develop a short-term memory store REAL out- 
put mossago. Tho LTM-SS measure is tho REAL— SS information, and results irem a 
retrieval of now information from tho long term memory store. The retrieval informa- 
tion is eombinod, or assimilated Into, tho CODE signal to form a REAL message output. 
The findings presented In this section support those previously reported in 
this paper. That being the case, the presentation will be less explanatory. 

The amounts of tho LTM measure values found in the STM and LTM are listed in 
Appendix IV. There was no monogram or attontional behavior information retrieved 
from tho LTM (experiment one) and this supports tho contention of the building 
structure of a message. It is an interesting observation that the LTM memoryless 
new information increases to a level of 65*85$ at the trigram level, and that tho 
increase is by ton percentage point increments. The latter aspect again supports 
the finding (in the preceding section) of the "geometric" structure of semantic 
messages , The trigram REAL information for the study of 30 science classroom 
dialogues was reported at the 1971 NARST Conference (Moser), It was constructed of 
1,096 bits CODE and 1,5125 bits of LTM, and the M 1 -REAL message had a value of 
2.609 bits. As the proportion of teacher talk increased the code value decreased 
and tho LTM-M 1 increased. The end-product of REAL information was 2.5U5 bits for 
less than 70 % teacher talk and 2.658 bits for teacher talk of more than 70 %, The 
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90-985 teacher talk level had an average 0,611 bit code, 2.373 bits LTM-Ii*- and 
2.98U bits of K3AL information in trigram messages. As shown, in Appendix XV , the 
trigram code involved a decreasing amount of "now 11 information (LTM-S3) as there 
was an increase in the amount of teacher talk in the science classrooms. This is 
quite expected when one considers the "speaker" is the teacher and eight to nine 
out of tun of the messages came from that human memory. Much like it Is soon in 
experiment 11, the "speaker" was processing many massages through tho STM . These 
messages wore of higher dopandonce and in some of tho chain of x and y messages 
were "chunks" of STH site massages. 

The hypothesis of LTM information being of STH and LTM sources is quite in 
accord with tho licAdam and Whitaker (35) discovery of a memory message forming up to 
one half second prior to its being spoken by a human. Mo S3 ago s are coded every 
four seconds in tho collection of classroom dialogues. Tho average output of a 
90-985 teacher talk message, H(y), carries 3*99k 9 bits of trigram information. 

That is about 16 items every four seconds, or about I4, items per second, A human 
speaks at a rate of about one and a half to two words per second for a sentence 
presentation. The information of a monogram at the 90-93 percent level of teacher 
talk carries about 1.U8 bits of H(y) information. However, there is no LTM monogram 
information retrieved from the LTM . Wo see this as the structuring principle 
oparating to embed the monogram information into the trigram message. The differ- 
ence is 2,5lU9 bits of HEAL information. This is probably tho trigramic information 
found in tho LTM (proof: 2.5lU9/3* 99h9 bits = .6295). These 6 items (log 2 of 
2.5lU9 bits) aro transferred to the 5TM and when "mixing" with the STM inventory of 
messages constitutes tho STH load of 5-9 items discovered by G-. A. Miller (8), 

Tho short term memory store processing of information is seen as related to the 
kind of task being processed in attentional behavior and the nature of the mental 

maturation of - tho human who is doing the cognitive task. 

O 
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Please examine Appendix IV, Notice that classification sorting of geometric 
shapes and colors of figures by adults (experiment ll) involved a retrieval of only 
10.22 percent of the LTM information from the LTM . The task was ono in which U5.3 
percent ox the LTM was in tho STM, This is a ’’recognition" typu of task which was 
presented in a problem solving mode. The memoryful information ratio is quito like 
that of monograms and digrams of 30 science classroom lessons (j?0.0l$ at tho 90 to 
98 percent lovol of teacher talk). 

The successful solving of a problem is related to how the new information is 
formed in tho STM . it has boon mentioned tho children of grades ono through twelve 
tried to solve an electric circuit problem in experiment two. The children of tho 
elementary grade level who succeeded, retrieved 77,23 percent of their LTM informa- 
tion from the LTM and processed only ill* 03 percent of tho LTM in the STM. The 
secondary school children who succeeded had only 2U.26 percent of the LTM as now 
information from the LTM and U2,23 percent of tho LTM information was processed 
directly in the STM, So wo could conclude that the children of an olomontary grade 
age succeeded because they had information., learned from previous experiences, which 
was stored in the LTM and could be retrieved from the LTM , The adolescent humans 
successfully solved tho problem by a "balanced" retrieval of LTM Information from 
tho LTM and by using tho STM typo of LTM information. This is soon in contrast to 
adolescents failing to solves tho problem because of a lesser amount of information 
being retrieved from the LTM , too much STM information processing, and too low a 
ratio of error correction information (,569Q bit compared to .6297 bit), Tho latter 
process can bo soon as affecting the filter process and too low a coda signal ratio 
being formed (soo Appendix III) to bo used for tho efficient retrieval of LTM 
information in tho long term memory store. These findings for a problem solving 
task are quito indicative of the differences of chronological or mental maturation 
lovois . It scorns that formal operational people try to process problems by a greater 



uso of the short torm memory store. The amount of "learned" information utilized 
scorns to be lower for those humans. The claim that the data shown in Appendix IV 
is indicative of tho occurrence of learning is an intriguing one. If wo can identify 
tho amount of LTM information processed in cognitive tasks of problem solving^ this 
information could be invaluable in the improvement of education. 

Examine tho LTM information processing done by college undergraduates 
(experiment 12) who tried to solve two kinds of electric circuit problems. Notice 
that only one group had any new information retrieved from tho LTM, That group 
failed to solve the 3«wny circuit problem oven though they had 25-07 percent of tho 
LTM originating as ,, new ,r information from the LTM. Their 11 problem 1 1 was that they 
had a GODS signal ratio (see Appendix III) of about one-half the amount for an 
efficient retrieval needed to successfully solve the problem. This group ox humans 
did this problem-solving processing prior to any training. They then had a ton 
minute training on how to solve the problem and^ on attempting the problem again,* 
failed to solve it. In this instance no "now" information originated from tho long 
term memory store. Two things could have happened to explain this observation. It 
is possible that tho information used to solve the problem before training was 
"incorrect 11 . The second and more plausible explanation is that the humans wore 
taught to process the problem as an STM type of LTM. Think about it as that ton 
minutes of training is too short a time' to learn to solve such a problem and look at 
tho fact that those humans increased the STM proportion of LTM from U2*865£ to 
62,70^- So they wore "taught 11 to study the changes in tho external world and that 
no "learning" occurred in tho training. Tho evidence which supports tho use of the 
wrong information for solving the problem is soon in the finding that tho humans had 
succeeded in solving the parallel circuit prior to their failing to solve tho 3-way 
circuity and before tho training. It is possible the humans tried to equate tho way 



they successfully solved the parallel circuit problem to the attempt to solve the 
3-way circuit problem 3 and that the ''now" infer nation retrieved from the LTM was of 
*■ circuit but not oi a 3-way circuit problem* Evidence supporting this is 

sejn in the finding ox ratios of 0,6U Six LTM (, 3TH ) for success in solving the parallel 
circuit problem by another group was comparable (0.6675 LTM) for the group of humans 
being discussed. 



Thu issue of the use 



of "learned" information in contrast to a major role being 



played by the STM is exemplified In the data of 
indicator is that training did not result in any 



experiment twelve. The first 
"new" information being retrieved 



from the LTM , The second observation is that the role of the STM usually increased 
after training, A concomitant observation is that the CODE signal ratio (see 
Appendix III) increased after training, Hoxrcvor, the CODE signal ratio was not to 
& level comparable to successiiul problem solving of an electric circuit in experiment 



two 3 unless it was that the humans succeeded to solve the problem. So the issue 
becomes one of that the humans were "taught" to solve a problem in the ten-minute 
training they received. However^ the training was to utilize the STM for relating 
consecutive messages to each other. This is probably not real learning. 



There Is other evidence that humans vary in their use of the 5TM ? and that it 
is a function of their age and of the task they are processing. This is seen in 
experiment four (Appendix X) 3 wherein children interpreted science objects as they 
were observed or interviewed by an adult. Wo previously reported the phenomenon of 
ago differences being related to memory processes (see finding one). Here the 
phenomenon is seen as being related to the role of the short term memory store. The 
trlgram LTM in the STM was found to be indicative) of the relating of the STM to the 
external world, Mo claimed that (in finding one) concrete operational children 



differed in thoir use of the memory. 



In t his section the evidence seems to indicate 



that eight and ton year old children made a greater use of the STM for processing the 
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informational content of messages (triirams) than was done by six and twolvo year 
old children. 

The final proof of thu validity of finding number five is that humans have a 
long term memory model which operates on the task Doing processed is seen in 
experiments six through cloven (Appendix IV"), ICoop in mind that the same; group of 
graduate students participated in the six experiments (see Appendix I for description 
of the experiments ) . This design enabled us to examine tho memory Lunations of the 
same humans in the processing of various kinds of cognitive tasks. The reader can 
better understand the role of the LTM information measure by numerically ranking the 
proportions of LTH utilized as the "now" information retrieved from tho LTM and tho 
proportion of tho LTM measure; value which was operating in the STM . The "now" 
information retrieved from tho LTM can bo seen as closely related to tho task present 
od to tho humans and. not as related to the kind of cognitive task they are processing 
The greatest amount of LTM "new" information was retrieved wherein tho humans wore 
asked (experiment 10) to relate what they knew about science learning. This is a 
free recall task. The subjects retrieved the least amount of "new" information when 
they sorted objects perceived from the external world (experiment eleven). The 
second largest role of tho "new 11 information retrieved from the LTM was whan the 
humans were asked to immediately recall tho content of a passage spoken to thorn 
(experiment nine) . The next greatest operation of the retrieval of information from 
tho LTM occurred in two different experiments (numbered soven and nine). One was to 
rec al l content heard five to thirty-five minutes after rocoiving the information 
(experiment seven) and the other was to solve a legal problem about incestuous 
activities (experiment nine), wherein the subjects possessed a written statement of 
the problem. Notice that the tasks differed and that the input information into tho 
STM differed by being verbal and written. Herein wo have an intercept for learning 
(experiment seven) a recall task and the processing of a problem solving task 



(experiment nine). The equated comparisons of t ho rolo of the LTH is that it 



operates on a threshold level which is closely related to tho error correction 
comparison with tho information received from tho external world. However* tho 
throshold is influenced more by the error corroction component (suo Appendix V) 
than it is by tho code signal (see Appendix IV), Wo have* therefore* identified 
the intensities of tho roles of tho memory modal components in the processing of 
cognitive tasks. These findings are supported by tho threshold of the error 
corroction unit ovldenco presented in finding four* 

These observations of the oxistonoo of the LTM in the* STM and LTM are quite 
conclusive. However* they scorn to indicate useful information more closely related 
to tho informational content being processed and to the task perceived by the human 
than to tho human intellect. The LTM measure is also related to successful informa- 
tion processing* but wo believe the relationship is secondary to some other informa- 
tion measure. Those beliefs will bo discussed in the conclusion section. 

The reader should now understand tho roles and complexities of tho interactions 
of tho memory model components. Tho cr iter ion tests for the model have thus far 
boon examined for internal relationships. It now remains to establish tho validity 
of the model with respect to external criteria* such as the intelligence of humans 
and tho levels of their achievement in processing real world experiences. 



Findings 06 



The information processed in the human memory model is related to tho 
intelligence of individual hu mans and to the degr ee of success humans have i n 
process ing envir onmen t cxpo ri'erTcaV, 

The two external variables * mentioned above, are probably more appropriately 
called criterion measures* The measures were the Hiller Analogies Tost and scores 
earned by groups of sevonth-grado children who solved investigations (see 
Appendix I for a description) * as they were located in a laboratory or were 
isolated from the laboratory. The scores ware assigned by three sc ie nee teachers 
who listened to the dialogues of the groups* 

Tha external criterion measures were not tested against information measures 
as a means to determine how well tho memory model components "measured" the 
intelligence or achievement ability of humans. Even though such an application may 
seem to be tho obvious motive^ the objective for using criterion measures was to 
obtain a means for classifying information theoretic measures as to their primary 
and secondary cognitive roles* The objective was then one ox studying how the 
memory components operated with respect to non— information theoretic kinds of 
cognitive measurements* In other wo rds^ these tests were done to ilnd out how 
memory components were or were not related to other nBasurQmsnts ol memory process** 

ing. 

Reg rose ion analyses were dona for tests of rectilinearlty. Coefficients of 
correlation were then calculated for the significance of relationships be two on 
information measures and the "external* 1 measures. Significant correlations wore 
recognised at the five and ten percent levels. In cases where the discussion is 
about external measure correlations having cognitive meanings^ wo shall restrict 
tho claims to five percent levels of significance* The ton percent level was 
accepted for using slope levels and regression coefficients to study the inter- 
actions of relevant information measures in the memory model- In this section our 



presentation will thus rofor to indirect relationships and direct relationships 
between variables, and we will not use the term "significant correlation". This 
is dona because of the specified purposes of our analysis. The regression equation 
typo of statistic was selected because information theoretic values are stochastic 
and so too are regressions function measurements of the stochastic relationships of 
variables (36). 

Tho regression, analysis results are listed in .uppendix numbers 71 and /IX* 
There were 110 analyses completed in the study. Twenty— nine wore found significant 
at the five percent level and another fourteen were significant at the ten percent 
level. These significant tests were 26, JU percent and 12,7 percent, for tho 
respective percent levels. Thus the tests which were significant represented 
39,1 percent of the 110 tests conducted. The n of significant product moment 
correlations indicated (37) that the p of the information theoretic measures wore 
related to the criterion moasuresj operated as a real correlation, between these 
variates. It also indicated that the relationships were not spurious. 

The scores of tho Hiller Analogies Tost and the achievement scores are not 
measurements of the same cognitive processing. The former is a type of test for 
measuring tho intelligence of adults, whereas the achievement score is oi tho 
degrees of success obtained in a problem solving kind of task. It has been claimed 
(33) that the HAT is a verbal analogy kind of test. The author consulted with 
psychologists at the University of Pittsburgh in order to determine the kinds of 
cognitive tasks involved in completing the test. The consensus was that it 
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involves recognition and recall task processing, with some problem solving process- 
ing occurring at times. In the opinion of some psychologists, it is some kind of 
indicator of the intelligence of adults. The two measures may not servo as 
correlates to tho same construct aspects of the model. As previously claimed, the 
achievement scores for experiments were more found to be corresponding with tho 



oxternal environment 



. Ln the other hand, the ?‘AT, being a measure of intelligence, 
may be more correspondent with an ''internal environment". The analogy could be 
that the two criterion measures correlate with measures of different components 
and different processes in the memory model. This should be kept in mind while you 
read the narrative ox the tost findings. 

Two experiments were found not to have relationships of information measures 
with the MAT, Those wore experiments 9 and 11,; and their test results aro listed 
in Appendix VI, The experiments involved two different kinds of modalities, with 
the immediato recall experiment consisting of an auditory input and a written out- 



Tho classification sorting experiment involved a visual input and the same kind 
of output, Thore is considerahLj evidence that the sorting experiment involved the 
STM as the site for the processing of nine-tenths of the LTH information. It is 
somewhat difficult to account for tho lack of a correlational relationship by the 
immediate recall experiment information measures. The explanation seems to be that 
the subjects listened to a five-minute passage and immediately "related" what they 
had hoard. It is possible that they did not effectively correspond what they heard 
with the long term uenory output, thereby producing information measure valuos which 
were not compatible to an "operating" memory. This possibility is raised because 
the written messages they "recalled 1 * contained few statements like those they 
originally hoard. Those which wore similar consisted of facts of a numerical kind. 
Fow recall passages contained statements of the principles which wore originating 
from tho source, Wo are currently studying the data of those experiments by testing 
for relationships of the other Information measures, i.e. , noise in y, H(x,y), 



H(y). 



The valuos for information measures of each kind were "averaged" for experiments 



six through eleven. 
O 

me 



These averages were tested for relatedness to tho I-iuT . it may 







seem quite improper to do this kind ox averaging. However, the same subjects 
participated ;n the six experiments. So tho averaging was done to obtain the 
'’average 11 amount ox information processed by each human who had partioipatod in tho 
experiments. Tho regression analyses vie re then done to test the relationship of 
the information, processed by a human memory, with the MAT score. Three information 
moasuros ware found to bo related to intelligence (at a five percent level). Those 
were the error correction information, CODE signal, and RIaL information ratios at 
the metnoryful, or STM , level. The data making up the "averages" were then partitione 
back into tho respective recall and problem solving typos ox tasks. Three experi- 
ments wore a priori assigned to oach class of tasks. Regression analyses of these 
two classes (average recall and average problem solving) showed the 1-Li.T was not 
signifioantly correlated with any average information which was processed in a 
problem solving task. Throe information measures were, however, found related to 
the MAT for recall task averages. The elimination procedures showed a possible 
interpretation for the human memory strategics in processing cognitive tasks. The 
conclusion was that problem sol ving task proce ssing is not as closely related to 
"into ll i gonce" as is tho pro cessin g of r eca ll tasks . 

We wore not surprised that tho "average " information processed by humans solving 
different kinds of problem solving tasks was not correlated with the J'L.T, accord- 
ing to Barron and to Berolson and Steiner {33,39), problem solving and creative 
thinking are not very related to verbal intoHigonco. The reader should note that 
we did not include tho correlations of "average" information in the aforementioned 
probability count for the reliability of tho comparison tests, 

Tho six tasks wore then each examined as to the relationships of information 
moasuros with tho MAT . There were 16 significant correlations in the two remaining 
kinds of recall tasks and only eight in the two remaining problem solving tasks, lb 
was again concluded that the MAT score was more closely related to information 
processing in recall tasks. 



The sign differences for coefficients of correlation were quite uniform. The 
momoryloss filtering system and the information found in the STM was directly re- 
lated to tho !t.T. The error correction unit of the memory \'ul and menoryless model 
areas were found to be indirectly related to the TUT . The sign direction which 
varied for information measure relationships were found to be limited to tho CODS 
signal ratio and to momoryless error correction information. The changes in 
direction signs for relationships are explained in the description of the feedback 
system (see page hU ) * However, because the comparison of the Hy(x)-5S measure was 
across tho two sots of experiments (6 through 11 and number 13) we could not test 
their indopondonco . Tho three significant CODE signal ratio correlations wore given 
a Z-test (UO) , Tho chi square tost value was 0.8658, for two dugreas of freedom. 

It xfas concluded that the CODE signal ratios were of a common population- Tho 
changed sign direction was different for the problem solving CODE signal ratio 
(experiment 8) but the similarities of the three ratios is seen in the slope 
values (byx in Appendix VII), It was concluded that tho CODE signal ratio processor 
is related to tho cognitive factor but that it varies as to the kind of task being 
processed (see page 12 for an explanation). 

Tho next comparison was of experiments six, seven and ten. The first two 
experiments involved immediate and delayed recall tasks used for the processing of a 
common content. Tho relationship of the two memory information flow tasks did not 
differ from each other, with respect to tho MAT , in the following measures: H^Cy) RE, 
REAL-M 1 , % R2AL-M 1 , NOISE IN x-M 1 , and HyCx)-^! 1 . They did differ in that tho 
immediate recall task was related to the HAT with respect to the CODE signal and the 
Hy(x)-SS information measures. Tho delayed recall task differed from tho immediate 
recall task as it processed a CODE signal ratio which was related to tho MAT. 
Experiment ten involved a ” froo" recall task wherein tho subjects were to "tell" 
what thoy know about science learning. This task differed from the two others in 
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■that, it was significantly related to the HAT through the H(x) R. --5, , and the 

% LTM-I-A information measures. It was found that it had a commonality with the 

other two tasks with respect to the H(x) y-R. A. , RSAL-M^ - , % RAAL-M^- , MO IS A IN x-I-o , 

and HvCx)-!! 1 information measures. The "free" recall task was related to tho 
¥ 

immediate recall task but not to the delayed recall task. This processing was 

found to be the CODS signal information measure, 

Tho throe experiments involved three different kinds of processing strategies 

for tasks. It is important to '^eop tffips in mind. The same content (see Appendix 

VII) was operated upon by the same individuals in experiments six and seven, and 

th "re wor., discriminatoi^‘8oun'd1&or them. However , the discriminator involved only 

■ r ■ 

three modal components. A litoral interpretation is that a problem solving kind of 
immediate recall is distinguished by tho LTM error correction factor and by tho 
CODA signal used for retrieving a message from the LTM . The "learning" of an 
external world experience is distinguished from immediate recall by the CODS 
signal ratio used to retrieve an LTM message. The use of information, and not 
recently experienced, involves the use of ths redundancy in an input information 
measure ((H(x)) and the ratio of the momoryful LTM information being processed in 
the STM. These memory compo nents are those which are related to the inte llig ence of 
the human, Va can conclude that the role of the intelligence, for the degree of 
neural structure of the human, has been isolated as to the intellect control in. the 
processing of tasks. 

The relationships for human intellect control of memory information processing 
has been partially studied by Hsia, who calls it selection power (l8), and by others 
(lU, 17 and hi). The simplified descriptor explanation is that the LTM operates on 
a feedback basis by which non— environment ^related processing activates the redundancy 
of sequences of mossagesj which are output by the same memory (of a human), A code 
signal is formed for this input relationship and this operational process is 



monitored by the STM information chunks. In this memory flow, the information 
retrieved from tho LTM is controlled for a maximized output of stored information 
(see Appendix IV, experiment ten, whore it was reported that all of the LTM informa- 
tion was "new" information retrieval from the LTM). 

The learning of information in new experiences involves the use of a CODS 
signal. This CODS signal does not differ by its ratio to the input message (sue 
Appendix III) but does differ in tho strength of the feedback of tho momoryful error 
correction factor (sea Appendix V for the dif 'a rone a of the levels of significance 
of Ky(x)~M-^, for experiments six and seven. ) 

Tho final aspect of tho study of the relationships of external criterion 
measures to memory model components was tho flow of information! which was related 
to tho degree of success in solving science investigations (experiment 13 in 
jj-ppondix 71), That experiment had 19 meaningful correlations out of 35 tests. The 
12 correlations with values exceeding five percent levels of significance constituted 
3)4-3 percent of tho population of tests. 

All but two of tho experimental design correlations were found to bo for tho 
non-laboratory setting and in the treatment of tho topic on seeds. A study of the 
description of the experiment variables (see Appendix I for the experiment descrip- 
tion) and the average scores earned indicate these two conditions were the ones 
which gave tho subjects the least amount of information with which to complete the 
investigations. We could conclude these tasks wore processed with a greater effi- 
ciency for cognitive application. This claim is supported by the consistency of the 
significant correlations these conditions had with the achievement scores. The non- 
laboratory sotting and the seeds topic treatment had significant correlations for 
the CODE signal ratio, REAL momoryful, for the M0IS3 IN x memoryful and memoryful 
error correction information measures. The interesting aspect of those findings 

was that these same measures were found for tho three experiments (numbers 6, 7* and 
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10 ) 3 which were discussed for the consistency of measures related to the 11.lT. Hero- 
in t'- in is additional ovidonco for the intelligence of humans hoing strongly related 
to particular memory model component s. 

The design conditions of a laboratory setting and in the treatment of the 
anatomy topic had significant correlations which were again explainable in terms of 
the same measures being related to the HAT. The treatment of the anatomy topic 
involved the study of the digestive system of the frog. We interpreted this topic 
treatment in findings 02. It was reported, in finding number four, that the error 
correction information operated in different pathways for the treatment of the seeds 
and anatomy topics. The claim was made that the seeds topic was largely t ideated by 
the memoryful error correction (see Appendix IV ) information and that the anatomy 
topic was treated more so in the memcryless condition. The same relationship for 
the immediate recall experiment (number six) is believed to mean that the Hy,(x)-SS 
factor /nay have some relationship to the storing ox information in the LTH . This 
claim is supported by the fact that the subjects (experiment 13 ) who ware isolated 
from the laboratory possessed a picture of the anatomy of the digostivo system of 
the frog, whereas those in the laboratory actually dissected specimens. In both 
cases, the subjects had an information flow from the external world which could 
have been !! learncd !l and by which they later received a score for answering the 
questions of the investigation, 

Iho final finding in the experiment on investigations is concerned with the 
conditions for achievement scores and with the information processed by all 20 
groups of seventh grade children who participated in the experiment. Nine of the 
17 correlation tests were x^ound to be significant at the five and ten percent level. 
The input information and output information messgae values were found to be directly 
related to achievement. The memoryful error correction measure was not .found to be 

significant, even though it was for tho isolated groups of children and for the 

0 



treatment of tiio seeds topic. Another important finding was that the information 
shared between an x and y sequence of messages was directly related to achievement* 
The various design groups* by "laboratory" settings and topic treatment , vero not 
tested for this relations hip* 

The most intriguing finding in the regression analysis study was one for which 
wo nave no plausible explanation* Examine the HEAL information measures for the six 
experiments, in Appendix VII* and for the science investigations experiment in 
Appendix VI* Consider the possibility that we can use regression analyses to isolate 
the information in a memory when there is no influence of the external world input* 
or of the intellect structure of a human memory. The experiments averaged an 86.62 
percent for the information processed in "average 1 ' problem solving tasks; as the 
processed' information operated in the LTM . The investigations in experiment 
number 13 had 85* UO percent of the information operating in the long term memory 
store* Those values of information arc quite similar* The "now" information* 
retrieved for average problem solving tasks in the set of "six experiments"* 
constituted 81±*55 percent of the LTM measure value* and 82.29 percent was "new" In 
experiment thirteen* This is evidence that the human transaction of investigations 
had information being processed like that found in problem solving task* 

Consider the REAL information measure for the memoryful condition. Look at the 
ay regression coefficients in Appendix VI and Appendix VII, This value is interpret- 
ed as the useful information flowing in the memory when there is no "relationship" 
with the intellect or with the achievement success factors* The value of 1,55 to 
1.76 bits of information remains in a mer^ory, which is theoretically not related to 
the intellect * The treatment of these values in this way needs to be cautiously 
approached. The classic study for the consideration of information at zero MAT 
score or achievement scores would bo to study the information measure values 
processed by a human who had a score of zero. That, of course, is not possible, 

O 
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We have triad an approach by measuring th«* information carried by verbalized term 
messages of an adult before and after he became inebriated. The information ho 



i nf orrnai ion. 

The mystery of HEAL measures at zero variable levels is more intriguing as 
additional relationships arc studied. The l*58l!i bits of REAL value at zero variable 
(x) in experiment thirteen is much like the values of l*756i± and 1*5675 for 
experiments seven and ten 5 and like sub-population values in experiment thirteen 
(1.5U77 and 1.5827 bits). The intrigue advances when it is known that the average 
REAL value for the messages processed in the 30 science classrooms (experiment one) 
was 2.609 bits and the LTH-H 1 value was an average of l,5l? bits. These values are 
all for the memoryful condition* Now consider the REAL values for momorylsss levels 
of zero variable (x) for the "average" of recall experiments (see Appendix VTX). 

The value was X.l|i'9U bits, So^ there is some evidence for the REAL information 
measure being a component which operates on a transfer basis between the SKI and LTM , 
It may be that the isolated REAL values we are observing are common and are probably 
a product of some kind of feedback control being operated by the long term memory 
store. Consider the number of items logarithmically found in 1*5 bits* There are 
throe items In 1.3 bits of REAL information. Tho non- isolated^ average value of 
REAL decreases when a momoryless condition is determined for a set of cognitive 
behaviors. Tho ay intercept grossion values also decrease when treated for 
momoryless conditions. Now compare the strength of dependence between messages 
with REAL information measures in Appendix VIII (experiment 13) - Notice that the 
REAL value at momoryless conditions for total (1*0581* bits ) , anatomy topic (l,06U? 
bits) j seeds topic (1,1652 bits ) ? and the laboratory setting (1*0367 bits). These 
are the approximate values of the REAL information flowing when there is no 
dependence between messages* 
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According to Shannon (1)* there is a channel capacity which is partly controlled 
by equivocation (which when used positively is called error correction information). 
The equivocation used for an inputs H(x)* into a channel can be plotted* This 
graphing operation enables determining the attainable region for the error capacity 
of a channel* C* Shannon hypothesized that capacity would have a slope of 1,0* or 
one bit of equivocation per bit of H(x) input. The trigram codes for the 30 science 
classroom dialogues wore found to have a plot slope of 1.03* This finding* again* 
enables drawing an inference because the H(x) is approximately the sum of Ky(x) and 
RUSAL (if it is computed as E3AL XU x). 

Those data for tho EXAL measure* in different experiments* show that the useful 
information decreases to about one bit when there is no dependence between eonsecutiv 
messages* as the memoryless condition is obtained in tho memory model* The error 
correcting factor increases to a maximum value in the memoryless condition* becoming 
analogous to an orrorful capacity channel* and tho area of attainable input rates 
becomes constricted. If there is no error correction information* all of the input 
H(x)* consists only of useful information (H2AL-SS). So as tho strength of depend- 
ence is suppressed to zero* tho EEAL-SS value becomes 1»058U bits (see Appendix 71), 
As Hy=(x) is suppressed (see Appendix 71) the H(%) input is 1,3690 bits and the b^ r 
slope of the unit increase is 0-268? bit H(x) for each increase of H^,(x)^S8 bit, 

Tho b X y- slope is operating at 1*10U6 Hy(x)~SS bit for each H(x) input in the memory- 
less condition. Thus some kind of feedback system operates wherein* as a memoryless 
condition ensues* the LTH store has an operator which servos as a governor* or a 
comparator such as suggested by Sternberg (29). The operator feeds bade on the 
input which* when the score is zero* has a value of 1.U392 bit. This is the H(x) 
input if there is no error correction factor to serve as a control on the retrieval 
of the next message. The Hy(x)* however* has maximized to 2,8656 bits. When there 
is no dependence between messages* the activation of tho error corrector in the LTM 



is probably related to the information residue found in the RIDAL measure i which was 
stored to represent shared messages. This is 1.058ii bits at zero dependence. The 
"controller” for this is that no error correction would be 1.3690 bits of input. So 
the phase space ox 1,10U6 bits approximates the 1.058U residue for the two preceding 



occurred. The intellect for the treatment of investigations operates at an upper 
limit of l.sSlU bits of REAL-SS. The REAL-SS is negatively" correlated with tho 
strength of dependence * The Hy(x)5S is positively 5 correlated with the achievement 
score. Tho strength of dependence is negatively correlated (not significant ^ but 
not very close to a zero correlation) to achievement score. So the criteria are met 
for a negative and positive oscillating feedback system* This would then be a 
deviation-counteracting class system. That is the kind of system which would be 
logically expected to correlate the interactions of tho external world input and the 
intellect with the memory processor units of a memory model. This relationship is 
now under study. We could expect that a deviation-amplifying counteracting feedback 
system would operate in a "learning” kind of experience. 

The reader may still be curious as to why the hy^ slopes of tho regression 
analyses for the relationship of the MAT to information measures in experiments 
six through eleven aro so similar. The interpretation could be that an increase of 
one point in the MAT score is "accompanied” by a small increase or decrease (of 
0.0006 to 0.039U bits) in the value of an information measure. The consistency is 
seen in tho CODS slopes in "average” tasks and in the average recall task (Appendix 
VIl) . Doth entries show a value increase of 0.0203 bit CODS for each MAT score 
point increase. 

It has boon mentioned several times that the error correction in formation 
measure is a comparator mechanism. (Sternberg (29) hypothesized that information 

retrieval is operated by two pathways. One is by using a comparator and the other is 

O 



(shared) messages. This useful information was stored after cognition for thorn had 
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through tho usj of a scanner- We could infer that the scanner is the GOBI signal* 

We have also mentioned that the useful information (RIAL) is eventually constructed 
partly through tho events in some kind of feedback system* 

Tho idea of thor^ being a feedback system was pursued through an analysis as to 
whether or not some kind of nogativo or positive feedback occurred for n start-up ff and 
"rate-levels 11 in the control of information flow by the intellect* This approach 
involves tho ay coefficient as the information flowing when there is no intellect 
control. The rate of increase or decrease of the information flow is for each unit 
increase or decrease in the HIT score, which is tho hyx .slope value shown in 
Appendix VII. 

positive feedback system is one in which there is a deviation-amplifying 
counteracting relationship between two variables, or between two information process- 
ing components in the memory model. We could expect that some aspect of a recall 
task information process in a memory would involve a positive feedback loop. It can 
be assumed that tho process involves an interaction of retrieved MI information, and 
the out pi o would bo displayed in the environment. The information would be expected 
to be subsequently perceived by the human who originated it. That perception would 
then serve as some kind of learning experience because, as it is again input, it 
would increase the level of structural comprehension the human would have of his or 
her control over the responses he or she had used in constructing an external world 
body of knowledge. In other words, a person doing a written statement would output 
a message. Then ho or she would, through a visual perception or by sub vocalising, 
input what was the nature of that output. This "connection" of the output and input 
flow can bo expected to produce a deviation-amplifying flow of information, and 
could be regarded as a pseudo-learning structuralist ion. This kind of reasoning 
enabled us to use a positive 'feedback system rationale for the search of a feedback 

system. 
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The basic positive feedback equation is i y/x = IZj/ l-K^ Kg. The y symbol 
represents an output and tho x is the input (sju liilsum, l|2)* The K factors repre- 
sent gains, A negative feedback equation differs by a change of the denominator 
minus to a plus sign. Wo hypothesised that the IC factors -would bo tho byx slopes 
because they represent negative or positive rate changes. The input would bo an ay 
coefficient and would moan there was a ,r start-up !t of the 11 intellect” influence or 
control. Tho y output would need to bo an expressed slopeq which would indicate the 
rate and direction of tho action brought about by feedback pathway influences. 

The feedback equation elements arc listed in .Figure II, figure II also contains 
a diagram of the loops and pathways for feedback between information processes in the 
memory model. The results of tho three feedback equations wore not found to differ 
by more than three percent from tie slope values of the regression analyses (Ap- 
pendix VII) done in comparing tho information measures with tho MAT scores. Those 
data treatment results are of the previously described average recall tasks. 

Throe information feedback pathway systems wore found to operate in the memory. 
The ” start-up” of tho intellect (ay in Appendix VII) initiated Kq^Kg loop gains 
(bye values) which influenced the rate and direction ox changes ox information 
processing. Two of the start-up” inputs resulted in change influences in different 
areas of the memory than where tho system began* Tho memoryful code ratio signal 
resulted in a positive feedback influence in the momoryless REAL information gain* 
This is seen in Figure II as the ”21” series pathway. The LTM E3AL component in 
turn initiated a pathway which influenced the CODS signal in the STM, The flow 
differed in that the was alternated! the former pathway Kq being an error correc- 
tion ’decrease” change. The latter pathway had tho gain as the CODS signal, Tho 
effect was a negative feedback on the CODE signal. 

The third loop pathway was initiated by tho memoryful HEAL information ratio 
and remained in the STM by means of loop actions of the error correction factor and 
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the CODS signal, Tho outcome was a negative feedback influence on the rate of change 
in the ratio of the REAL information being formed in the STM, 

The reader may find it difficult to understand how a negative feedback output on 
a positive slope rate of change can occur. The explanation for this Uiioct is found 
in the nature of feedback systems. The diagram in Figure II represents a general 
system which operates in an interacting fashion, wherein systems of pathways have 
influences upon the general outcome of a process (U3), Milsum (ij.2) explains this 
phenomenon as a "stability" effect. The reader is referred to Haruyama (2*3) for a 
simplified explanation. Briefly, odd number of minus loop influences produces a 
negative feedback effect, an even number of influences results in a positive effect. 
The loop influences in Figure II are identified by plus and minus signs in paren- 
theses, A double parenthesis identifys the slope gain factor of the initiator or 
"start-up" actions (ay in ..ppondix VII), Analyze the pathways of a system for 
obtaining the output change. The B3.JL—SS f eodoack output influence sign corresponds 
to that found for the slope change in the regression analysis (Appendix VIX). The 
other two pathways traversed through the interaction of the Ivj_,Kg loops twice, for 
example an STM initiated % REAL goes through an H^(x) to CODE loop twice and the net 
effect is the consequence of the number two minus influences which "cancel each other 
and become positive in effect" (U3)» 

Posit ivo feedback systems have deviation— amplifying causal relationships. The 
direction of change of the system is toward instability, A negative feedback system 
is deviation-counteracting and tends to go to an oscillating condition. The positive 
feedback systems, have as their end products, the gain ratios of the HEAL information 
and CODE signal in the STM. So, the net afCect is t^ertnpli fy the gain ratios of the 
outputs, Tho sources of the start-up" for tho^f component actions initiate from the 
two memory stores, A possible conclusioij^tS that we have found the previously 
claimed "transfer" relationship between the momoryful and memoryless LTM information 
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measures and this feedback partly explains how some tasks are processed more 
extensively in the STM than the LTM, Thu deviation-counteracting system which 
effects the slope gain of the REALMS S is quite different from these two systems* 

The initiator is thu CODE ratio in the STM, In this casQj thon^ the influence is to 
" stabilize n thu ffill information rate of information retrieval when the intulloot 
control becomes active. This loop system, may easily not do any more than traverse 
the "start-up' 1 of the REAL of the LTM to again operate through the loops of the feud 
back system which controls the rate of gain for the formation of a CODE signal in 
the STM . In finding U wu postulated the role of the error-correction factor to be 
one of "deciding" the CODE process in the STM* This feedback system scorns to make 
that claim more probable* 

IIq are continuing the study of the probability of there being feedback systems 
in the memory. To date* there are several other indications that they have boon 
identified. Additional evidence is being sought from results recently obtained in 
three now experiments. 
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Feedback Loops for I nformatton Pathways 
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Conclusions? 



This paper reports a now memory model* which describes the flow of information 
in the processing of cognitive tasks by humans. Information Theory* developed by 
G, Shannon (l) * is used for quantifying the flow of information* Additional theorems 
wore developed for improving tho application of Information Theory to tho model. 

The rationale for the information theoretic approach was that It enabled a quantita- 
tive description for human behavior. The initial information values describe the 
observed behaviors of humans who are doing a task in the external environment * These 
information measures are then treated by various theoretic algorithms which enable 
the identification of information values for various known memory areas and 
processors of cognitive tasks. Eighteen primary and secondary information measures 
are used for the identifications , 

Twenty~two experiments and studies wore conducted in the development of the 
memory model , Thirteen of thorn wore reported in this description of the model. 
External and into.. aal criterion t-.sts wore done for determining how its 1 components 
and processes .functioned internally and how they related to external criteria# The 
extensive t^stin ■, of the model was facilitated b/ the use of the common measure 
value called "hit 11 . The qualities of the model wore defined in order to test the 
development criteria as being i) the basis of how "real world 11 facts wore used to 
rationally "explain 11 why information values existed* 2) how model components inter- 
acted to "explain" basis number one* 3) how humans differed in behavior in terms of 
information measure values* h) how the information values "explained 11 psychological 
studios on behavior* maturation* and learning* 5>) the extent to which achievement 
and intelligence indicators were "related" to information measure values* and 6) how 
the foregoing could be used algorithmically to "discover" the nature of additional 
processes and components in the model. 
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a priori outcomes sat to the expected model interpretations, 5) collected data was 
tested for sample interpretations in terns of cognitive actions, 6) new findings o' 
model functions wer j then retroactively' tested for identities in data of previously 
treated, experiments and which contained corresponding meanings, 7) the measures used 



developing indicators of general cognitive processes, differences in cognition o-, 
task processing and of human behavior in learning environ i.snts. The approach may 



which defied discrete experimental practices. The model developed in a fashion which 



The author recognizes, and has previously stated, that the memory model is not 
completed and will require some refinements. The development of new components 
is not expo c tod, because the findings and sub— findings presented herein indicate 
new criteria would be "masked" by algorithmic systems of existing component inter- 
actions. 

The memory model is quite unique with respect to other models. This is a major 
conc lusion (001) as this model quant ifies the qualities of memory processes, where- 
as others have not. The philosophy of the model is exhaustive in its 1 relations to 
humans, human behaviors in cognitive tasks, cognition, and cognitive quality. The 
techniques for coding behaviors were selectively chosen for compatibilities to 
behaviors and wore o ''ten used in multiple treatments of the same observed behaviors. 
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The memory does have an STM and an LTM and these model "areas" can he interpret©' 
information theoretically as being Memoryful and momoryloss (002) . There is consider- 
able evidence that theses "areas" play particular roles in the processing of types 
of cognitive tasks (003). The nature of human "behaviors" in cognitive task process- 
ing was partly do fin jd and certain information measures enable explanations of the 
roles of the STM and LTM in cognitive processes (00U). It is quite probable tint 
structures of these "areas" are in some way involved in mental maturations (005) • 
Tiagotian typo of studies arc now in progress to clarify information measure relation 



The STM "area" of the memory does utilize the "chunking" process postulated by 
G. A, Hiller (8). The C0D3, CODE signal ratio. . H^Cx), and LTH memoryful informa- 
tion measures wore "detected" as being a part ox tnat process (006) • The LTM area 
is a storage area of informational content but does not seem to be greatly involved 
with attontional behavior kinds of processes (00? ). 

Various information measures were found to be "correspondent" to memory 



components of models proposed by others (008), The C0D3 and signal ratio, is that 
process most recently suggested by Atkinson and Shiffrin ( 3h ) and may be related to 
the scanner process proposed by Sternberg (2 9), The Sternberg "comparator is 
^j>Ql3<jT)ly the error correction f actor, which is the equivocation information, measure « 
The useful information flowing in the memory is what others identify as that 
information retrieved from the LTM or developed by processes in tho oTM (009)* The 
information, called REAL, is also of another type which "relates" tho "old" incorma- 
tion to tho information being "formed" for a "new" juhavior action (OlO), The LTM 
information measure is tho informational "kernel" and is found through LTM or STM 



output processes (Oil) . 



Error correction ((Hy,(x)) is called a caotor oocauso it operates as a 



"controller" in tho model (012), 
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It is an information measure which has an inter- 
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and-irrbra geographic "area" flow (Q13)« Thu factor sou ms to function in decision- 



making processes (OlU). Tho formation of a signal message or the “decaying 11 of a 
message in the STM "area" is probably controlled by tho factor. It is also related 
to the recognition of incoming memory messages and to tho levels and kinds of 
information measure roles (010) , 

Tho memory is a noisy channel which is errorful (016), oovoral information 
measures of "noise" ^shared* in x* and In y) * wore found to oo meaningful in the 
operating (cognition) model. The levels of noise in a ;low process is related to 
the input message and is generally indicative ox the kind of cognitive task being 
processed in the memory stores (017), It is also a theoretic proof for kinds of 
tasks selectively treated in the LTH and tho STM ( 01 3 ) This Is seen in how high is 
the noise lov\,l in the memoryless condition* tho degree to which noise Oo. input and 
output is balanced* and the extent of the difference between the noise levels oi the 



LTH and STM. 

The LTil measure was previously mentioned as being tho "kernel" Informational 
content ox' the useful information ( RIAL ) in the message being formed for an output 
behavior. It is an indicator of the kinds of tasks being processed (019). The 
1,TM measure is equal to the RHAL information measure in the LTM* or memoryless 
condition. This is thu proof for it being the "kernel' 1 and that tho LTM is the 
isolated* "message-independent" * long term memory store often hypothesised by 
theoreticians and researchers of the human memory (020). 

The group of followers of D. Mu sub el ( UU ) use the term sub sumer as some kind oi 
memory organization unit. It is quite likely that the LTM * memoryless LTM* FLulL* 
Information measure is that "subsumer" unit (021), 



O 
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ConsQCutivo messages are stored in the STM until they aro processed* The Gllle 
measure is the signal used for searching tho LTM "file 11 tor retrieving a "new 
massage or for the previously mentioned STM "chunking" process (022). It is also a 



measurement of the strength of dependence between message sequences stored in the 
STM (023), The strength o dependence between messages served as still another proof 
that an LTH or memoryloss condition exists in the human memory (02lj,) , Data was 
treated on a computer to determine the Markovian steady state. Subsequently, the 
author derived a proof of the C0D3 role in determining the steady state and an 
operational definition for determining steady state for message processing relation- 
ships (025) . There is some evidence that the strength of dependence factor is 
related to perception, attontional behavior, and to the kinds, and degrees of success 
obtained in cognitive tasks being cognitively processed (026), 

Humans engaged in problem solving tasks can be identified for their solving 
characteristics! the information measures and the nature of the flow of information 
in the memory (02?). Hementary and secondary school age children are distinguish- 
able by the values of LTH, strength of dependence, ROAL ( LTM ) and noise factor 
in.foiTriati.on measures (023). felon and Moser recently supported this conclusion (U5. ^ 
The data studied, in other experiments or problem solving have also established the 
validity of the conclusion. There is some evidence that those information measures 
also indicate levels of success in training humans to solve problems (029). 

The previously mentioned information measures are related to and can bo used as 
indicators of, the recall and recognition types of cognitive tasks (030), Recog- 
nition types of tasks are processed to a greater extent in the STM than they are in 
the LTM (031), Recall tasks aro more extensively related to the flow pathways of 
the LTH than the- STM (032). These memory "area" roles in the processing of bask 
information will be discussed again in this section (see below). 

It was found that, using gram code systems and term analysis, verbal messages 
flowing into the human memory are processed in "phase spaces" (033) ■ The structure 
is perceived on a time level of flow and is geometrically "accrotioniaed" , The 
O' -product is an embedding phenomenon (03U). This kind of treatment also isolated 



attentions! bohavior ( 03 !?). 



The attentional behavior of humans Is directly related 



to the STM and is not largely a rolj for the LTH memory components (O 36 ) , The 
information measure values which isolated, attentions! behavior tend to indicate a 
means for identifying mental maturation levels of humans (037). The final con- 
clusion, reached in structural analyses, is that th~ model component can be used to 
define "semantic !l aspects of dialogues an monologues ( 038 ), 

The memory model is directly related to "real world" activities. Several expert 
ments showed that the information measure values were sensitive to the environmental 



settings in which humans process behavioral actions and to the hind and degree of 
perceptual information existing in the external world ( 039 ). 
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human intellect and its role in, processing cognitive tasks 



is related to 



the amounts and kinds ox memory components which "xlov" in uhe processing oi inxorma— 
tion (QUO), This ■£) a quite strong and revolutionary conclusion. A classic study was 
done of six different experiments with the same adult individuals. ihe analysis 
technique used in thos; experiments was also used to analyze groups of children 
engaging in the solving of science investigations • The design approaches and 
"variables" wore manipulated to isolate and identify human behaviors, environment 
settings, content of tasks, kinds of tasks, person qualities, and transmission 
modalities. This was done to establish strong levels of relations nips between 
external and internal criterion measures . Eleven information, measures were found to 
be significantly related to M.T scores of adults or to a enlevement scores of 
adolescent children. The relatedness tests of regression are not completed for all 
of the 18 information measures. The 11 measures which were found to be related are 
Hx(y') R.3., C0D3, CODE ratio, REAL, H(x,y), NOISE (in x), H(y),and H y (x) of 
memoryful conditionj LTM and Hy(x) of the memoryless condition (OifL), 

Information measures wore found to be related to the intelligence of humans in 



0 



recall task processing, but fewer measures were 
asks which were being processed by the humans, 



related in the kinds of problem 
Six information measures for both 



kinds of tasks wore found to bo significantly correlated with MAT scores and 



ac hie vo rumt scores. Tests of coefficients oi correlation with MAT, Indicated that 
some information measures processed in recall and problem solving tasks , w^re of a 
common population. This characteristic is under study, 

Th' , discovery e the memory model being related to external criteria measure- 
ments was considered a major proof of the validity o’ the model (Ql*2) . It was con- 
cluded the information theoretic components wore in some way "reading" the same 



memory processes or human behaviors which wore also reflected in the intelligence 
and, the cognitive processing efficiency of humans. The correopondenco meanings of 
these two types of measurements of human cognitive activities is being explored. The 



tentative conclusion is that certain information processing components in the model 
are probably those memory processes more directly related to the intellect (01*3). 

The reader is cautioned to draw no greater inferences than that one heroin tentative- 



ly advanced , 

The regression analyses of model components and HIT scores enabled a means !.or 
studying how processes of information flow interacted in the memory. Data '.rom 
"average" recall tasks (see finding six! were treated for the probability that the 
interactions were of some basic feedback type. The treatment rationale was to 
assume a zero intellect influence had initial kiclc qualities, and ?'Jaln loops 
existed for change rates in the processing of information. The x oedoack systems 



wore found to operate between signal formation (CODE) , error correction information, 
and tho REAL information factor- Thu causal relationship is believed to be for one 
memory process to influence another process; through influences of two other 
processes (0l*U). Three feedback systems of positive and negative feedback kinds 
wore found to bo of a general feedback system (QUO • The loops of information flow 
were found to relate STM processes with l.TM processes (0li£). The direction and 



control of information flow found in the feedback systems is additional evidence for 
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the proposed structure- of the memory model (Olj. 6 ). 

’he foregoing evidence for feedback systc :s in the memory is supported by 
other findings. Error correction data of informational content from one of the 
experiments confirmed and demonstrated C, Shannon's ( 1 ) theorem for error capacities 
in channels. He postulated the ideal limit would approximate one bit of correction 
information for each input bit. Wo found that many error correction measures are 
processing close to that limit in the human memory. Thu dialogue massages in a 
study of 30 science classroom lessons obtained a channel error capacity slope of 
I.03 in the momoryful condition (Olj. 6 ). 

The aforo-describod findings and the conclusions drawn from thorn are regarded 
as a quite strong argument that the memory model lists, define s , and doscrioes 
cognitive processing in human minds. Its' quantification of the quality of memory 
processes through the flow of information occurring in those processes is a 
subtlety which can be easily overlooked. The values of the information flow xor 
kinds of behavior messages are of definable ranges and limits. The large number of 
studies and experiment s done in the icnory model project substantiated this claim 
(sou Appendices three through eight). A catalog of these information flow values 
is in preparation and it may have considerable potential for identifying, assessing 
and understanding the meanings of task processing in learning environments. 

The memory model is being reported at this time, even though it is not 
complete. The author decided to report it so other researchers may study it, 
communicate queries and criticisms, and "join 11 the memory model project group in 
further research. We believe that, even at this stage of completion, the model 
has universal applications for describing human behavior and will ultimately bo a 
revolutionary means for interpreting when and how learning occurs in educational 
practices. ' 
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